This paper presents a new family of circuits for single phase diode bridge rectifiers capable of drawing approximately sinusoidal current at unity power factor with high efficiency and minimum voltage stress across the switches. They can work as either boost or flyback converters. The circuits consist of a single-phase diode bridge rectifier, followed by a boost stage containing two switches-the main switch fer controlling the ,output DC voltage and the auxiliary switch for achieving zero voltage switching (ZVS). The switching frequency of the converters is maintained constant. The paper explains the principle of operation and describes the analysis of each mode of operation for both boost and flyback converters. It also gives design criteria, derived from the mathematical analysis carried out, for achieving ZVS under all loading conditions. The -simulation results obtained using PSPICE demonstrate the validity of the proposed converters.
INTRODUCTION
In order to overcome the disadvantages of phasecontrolled or diode rectifiers, high power factor AUDC converters have been developed. Many boost type converters, using, hysteresis control, have also been reported. In these converters the output DC voltage can only be higher than the input AC source voltage. Flyback converter, which can step-up or step-down the source voltage is also proposed. However, the maximum switching frequency and the size of PWM rectifiers are restricted by the switching losses and EM1 associated with hard switching. To minimize these problems, resonant converter concepts have been investigated [ 1] - [6] . But, still, the control complexity and the maximum voltage across the switches remain as the main drawbacks of these converters. This paper gives a new family of circuits for ZVS quasi-resonant AUDC converters to overcome the problems associated with the above circuits. The proposed circuits have two switches. The main control switch (S,) is switched under ZV condition. The auxiliary control switch (S) is turned on under ZC condition and turned off under ZV and ZC conditions. These converters are capable of drawing approximately sinusoidal current with unity power factor from the AC-source without using a current sensor. Thus, the control circuits are simple.
CIRCUITS AND THEIR OPERATION A) Boost Converter Circuits
The proposed resonant circuit topology is shown in Fig.l(a) . It consists of a front-end diode bridge rectifier fed from single-phase AC supply uh in series with boost inductor L,, and an additional quasi-resonant circuit, which consists of resonant inductor L2 , an auxiliary switching transistor S and a resonant capacitor C, . The circuit also requires a diode D, (to allow the resonant capacitor C, to charge in the reverse direction) and a clamping diode D, . The output capacitor Cd can be chosen of high value and the output variable load is represented by RL .
The simplified circuit diagram, as given in Fig.2 . This mode continues till U,, is equal to Vo . At this instant, D, conducts to clamp U , , to Vo and the circuit changes into first mode of operation. The input current depends on the magnitude of the input voltage during any switching cycle. Since the output voltage is greater than the source voltage, the input current reduces linearly towards zero and a discontinuous pulsating current proportional to the source voltage is obtained. However, the frequency of this pulsating current is very high. The frequencies of the harmonics present in this pulsating current is of the switching frequency and its multiple. Thus, they can be filtered out easily using small size low pass filter in the source side. The mathematical analysis for the circuit operation is explained below with the help of Fig.2 . This mode ends at t = t2 , when U , , becomes zero. From Eqn. (3) d E . This mode starts at t = t2 , when D becomes forward biased and S, turns on. This mode endes, when the current in DI becomes zero.
E. Mode 5 ( Second Linear Mode)
This mode begins, when the current in DI becomes zero at t = t3 . During this mode switch S, is kept on. With the initial conditions of the current in the switch S, is: ism(t3) = I,, ,
(t -t 3 )
(7) Vi n
Lr 1 +Lr 2
This mode ends at t = t4 , when S, is turned off. The time period t4 -t3 is equal to the time during which S, is on.
F. Mode 6 (Second Resonant Mode)
This mode starts at t = t 4 , when S , is turned off and ends when vCr becomes equal to Vo . Mode 6 is followed by the next cycle of circuit operation. Two more alternative configurations for the boost converter stage are shown in Fig.3 and Fig.4 . These circuits have the same principle , analysis and modes of operation as the one given in Fig.l. 
B) Flyback Converter
The proposed circuits in Figs. 1, 3 and 4 can be used as flyback converters to provide electrical isolation as it can be seen from Figs.5. 6 and 7. It is to be noted that their modes and principle of operation will be the same as those in the boost converter circuits. The leakage inductance of the transformer is included in the inductance of the resonant inductor for the purpose of the analysis.
DESIGN CONSIDERATION
To limit the maximum pulsating current in the input diode rectifier to I , , and to ensure discontinuous operation of the input current the following condition should be satisfied: The filter capacitor value Cd can be obtained as:
where Ti, is the period of the supply frequency, AV output voltage ripple and the amplitude of the fundamental input current Ii,,=2VoI(4Vi,,
.
Design Example
For the design purpose the following parameters are taken;
Vinmax =325 V, V0 = 425V, output power =2.24 kW, F, =25kHz, AV = 14V, Fi,=50Hz, I,,=44A, 61=0.15, and is,,= 42A . Using these prameters and the above equations , LII , Lrz , C, and Cd can be obtained as:
From Eqn(8), 77.27pH 2 LII 2 43.6pH, therefore LrI=54pH has been chosen to ensure discontinuous operation of the input current. By substituting this value in Eqn.(6) we get L,,< 1 IpH, therefore Lr2 = 6pH has been taken to ensure soft-switched of S.
Using the values of LII and L2 in Eqn. (9), we get$, = 0.08pF.
SIMULATION STUDIES
The simulation studies of the proposed individual converter circuit has been carried out using PSPICE package. The circuit parameters used are: output power =2.24kW, FS=25kHz, Cd =1000pF. The theoretical analysis is found to be in agreement with the simulation results shown in Fig.8(a) and (b) , which exhibit soft switching and the maximum voltage across the switches is equal to V0 . They also show that the current drawn from the AC source is approximately sinusoidal with unity power factor. Fig.8 shows the harmonics spectrum of the corresponding waveforms of the AC source current. The simulation studies has been carried out for various loads keeping the output voltage constant. Those results are also found to be similar to Fig.8(a) and (b). The simulation results of the other proposed circuits c o n f i~r a t i o n also show similar behavior as that in Fig.1 .
However, due to space problem they are not included here.
CONCLUSION
.The proposed converters have many advantages, such as step-up or step-down the output voltage, approximately unity input power factor, no current sensor, fixed frequency control , soft-switching, simple control circuit, harmonics elimination from the source current, low voltage stress across the switches and high efficiency. Fig.9 Harmonics spectrum of the corresponding AC source current waveform.
